INTRODUCTION
A number of studies have tried to link visibility degradation in both urban Wolff et al., 1981 Wolff et al., , 1982 Dzubay et al., 1982; Pratsinis et al., 1984) and rural areas to gas and aerosol components in the atmosphere. All of these studies suffer from the fact that there has not been a generally agreed upon method for the measurement of the light absorption (bab~) by aerosols. Atmospheric aerosol light absorption has been shown to be due solely to EC (Rosen et al., 1978; Yasa et al., 1979; Japar et al., 1986; Adams et al., 1990) , and can contribute significantly to visibility degradation.
Atmospheric aerosol bah , data in the literature result either from one of the varieties of the integrating plate technique (Lin et al., 1973) , or from the difference between light scattering measured at a point by nephelometry and total light extinction measured over *The third paper in this series is "Measurement of atmospheric elemental carbon: Real-time data for Los Angeles during Summer 1987". (Adams et al., 1990 .) Atmospheric Environment (in press). km pathlengths by a telephotometer (Dzubay et al., 1982; Lewis and Dzubay, 1986) . Both of these approaches have drawbacks. In the case of the integrating plate approach, samples are collected on various filter media and the difference in light attenuation by the filter before and after sample collection is attributed to light absorption by the collected aerosol. Unfortunately, it is difficult to calibrate this technique, and the optical properties of the collected aerosol may be perturbed by filter-sample or sample-sample interactions. In the case of the telephotometer approach, calculation of aerosol light absorption requires the precise measurement of the optical properties of all the other components of the atmosphere so that accurate subtraction from the telephotometer total light extinction measurement can be carried out. The mathematical book-keeping in this case is complex because (1) the optical measurements required generally have not been made at the same wavelength, thereby creating the need to correct for differences in response due to wavelength, and (2) there is no guarantee that the point measurements of light scattering, for example, are representative of the integrated telephotometer measurement taken over a pathlength of more than 1 kin.
The recent development and validation of a photoacoustic technique for the in situ measurement of optical absorption in the atmosphere (Adams, 1988; Adams et al., 1989a,b) overcomes these objections. It is capable of making continuous light absorption measurement on ambient air drawn through a cell, and it can be calibrated using a gas with a known absorption coefficient. This instrumentation was deployed in the Los Angeles area during the Southern California Air Quality Study (SCAQS) in the summer of 1987, and the results of that study are the basis of this report.
EXPERIMENTAL
Sampling took place in a parking lot on the Claremont McKenna College campus in Claremont, CA, on 10 days: 19, 24 June, 13-15 July, 27-29 August and 2-3 September 1987; the first few hours of 25 June have been included. The site is in the center of the Los Angeles basin and at the southwest base of the San Gabriel Mountains. Data were collected continuously. The sampling periods were from 1 to 5 a.m., 6 to 10 a.m., 11 a.m. to 5 p.m., and from 6 p.m. to midnight PDT.
(A) Measurement of aerosol light absorption
The photoacoustic spectrometer and procedure for aerosol light absorption measurements have been described in detail previously (Adams, 1988; Adams et al., 1989 Adams et al., , 1990 , and are only briefly discussed here. The light source was an Ar ion laser (2=514.5nm) whose 1 W beam was modulated at the resonance frequency of the photoacoustic cell. Ambient air was drawn into this cell through a MnO2 denuder (Adams et al., 1986) which effectively removes atmospheric NO2 gas, while aerosol matter passes through unaffected. The instrument was calibrated for optical absorption using a standard NO2/air mixture; NOz has an absorption coefficient of 0.316m 2 g-~ at 514.5 nm (Terhune and Anderson, 1977) . This instrument was housed in an air conditioned 8 ft x 12ft trailer, and the denuder tube extended through the wall of the trailer, about 30 cm from the outside wall and 2 m above the ground.
(B) Measurement of aerosol light scattering
Aerosol light scattering was measured by integrating nephelometry (MRI, Model No. 1568), using a broad-band light source centered on 500 nm. The instrument was calibrated using Fluorocarbon 12 as a standard, and zero was set using clean air. The calibration was checked about every 24-h. Although the inlet was not heated, no effort was made to keep the air sample at ambient temperature during the analysis. The nephelometer was also housed in the air conditioned trailer, and air samples were introduced into the instrument through 3in. 
where box t represents total light extinction; b,Sb, and b~,t represent light absorption and light scattering, respectively, by gases in the atmosphere; and b,'b, and b~,,t represent light absorption and light scattering, respectively, by aerosols in the atmosphere. The gaseous contributions to light extinction in the visible region are generally small in urban areas Dzubay et al., 1982; Pratsinis et al., 1984) . The M,c,t is essentially equal to the Rayleigh scattering due to molecular oxygen and nitrogen. The ~b~ in the visible region is limited to NOe, and this can be calculated if the NO2 concentration is known. On the other hand, the aerosol optical properties are highly variable. The b,*b, in the visible is due only to EC (Rosen et al., 1978; Yasa et al., 1979; Japar et al., 1986; Adams et al., 1990) , however ~,, is produced by a wide range of aerosol compositions. Aerosols are usually the major contributors to visible light extinction in urban atmospheres.
(B) Hourly-averaged results
Hourly-averaged aerosol b,b~ and bs~a, measured during the 10 study days are in Tables 1 and 2 There is a clear diurnal variability in the aerosol b,bs, with low values at night rising to maximum values in the mid-morning which are maintained through late afternoon. This general pattern can be seen in the ten day averaged-hourly data presented m Table 3 . The behavior is understandable when one considers that EC is essentially responsible for aerosol light absorption (Rosen et al., 1978; Yasa et al., 1979; Japar et al., 1986; Adams et al., 1990) . Elemental carbon aerosol is a primary emission from combustion sources dominated in the Los Angeles basin by motor vehicles (Pratsinis et al., 1984 (Pratsinis et al., , 1988 . Thus, the early morning increase to peak values in mid-morning corresponds to the onset of the morning rush hour. Certain days show bimodal peaks in b,b,, e.g. 28 August shows a peak at 7 a.m. and then a larger one at 1 p.m.
The diurnal pattern of aerosol bsoat is similar to that for aerosol b,b~ except that the peak values are achieved about 3-h later, around noon. This can be seen in Table 3 . It reflects the fact that light scattering is dominated by secondary aerosols formed photoehemically in the atmosphere (White and Roberts, 1977) .
The contribution of aerosol light absorption to the total aerosol light extinction is defined as the ratio b,bs/bc~t. Hourly-averaged values varied from 0.04 during 1-4 a.m. on 15 July to 0.39 during 8-9 a.m. on 2 September. The 10 day averaged-hourly data in Table Table 1 a.m., decreases through midday and then peaks again around 7 p.m. This variability can be explained by the facts that (1) light absorption is dominated by EC in the primary vehicle emissions which will be elevated during the morning and evening rush hours; and (2) light scattering, which is dominated by photochemically formed aerosols, will generally be minimal both in the morning before the onset of much photochemistry and again in the. early evening when the photochemical cloud moves east in the Los Angeles basin.
(C) Daily-averaoed results
The variability in the overall 10 day averages for the optical parameters at the bottom of Table 4 suggests for the 2 days is compared. On 29 August aerosol light absorption was responsible, on average, for only 6% of the visibility degradation caused by aerosols, while on the relatively clean 2 September aerosol light absorption accounted for about 22% of the aerosolrelated visibility degradation.
(D) Comparison with previous results
The average daily aerosol b,bJb,t for the 10 sampiing days in Los Angeles is 0.11+0.04, a value similiar to most data for other urban areas, when one considers the limitations of previous b,b, data. For the cities of Lennox and Duarte, in the Los Angeles basin, one can calculate aerosol b,bJb,t values of 0.16 and 0.23, respectively, for data from 23 October 1980 (Pratsinis et al., 1984) ; in Detroit, Michigan, during the period of 15-21 July 1981 (Wolff et al., 1982) , the calculated average value is 0.09; and in Houston, Texas, during the period of 11-19 September 1980 (Dzubay et al., 1982) , the calculated average value is 0.14. Only in Denver during wintertime 'Brown Cloud' episodes, have significantly higher values been calculated. During November-December 1978 , using the integrating plate technique to measure light absorption, the calculated average aerosol b.bJbex t is 0.31, while another data set using the telephotometer approach during January 1982 (Lewis and Dzubay, 1986) gives a calculated average value of only 0.11. Keep in mind that, with the possible exception of the telephotometer-based analysis, these values should be considered as upper limits to the real aerosol b,bJbe~ t because of the probable overestimation of the aerosol light absorption by the integrating plate technique.
Perhaps the most interesting comparison is between rural and urban data which both deafly illustrate that the aerosol light absorption contribution to visibility degradation increases under less polluted conditions. The rural data were collected at Allegheny Mountain in southwestern Pennsylvania in August 1983 . Aerosol light extinction by aerosols was amazingly similiar in the urban and rural locations. For Allegheny Mountain the average aerosol light extinction was about 1.9x 10-+m -1, while in Los Angeles (Table 4) it was 3.3× 10-+m -1. While the clean periods tended to be much cleaner at Allegheny Mountain than in Los Angeles, the maximum aerosol light extinctions reported were similiar. At Allegheny Mountain b~xt ranged from about 2 x 10 -5 m-~ to 5.5 x l0-+m -t, while in Los Angeles the range was 1.3-5.6 x 10 -+ m-1. Average aerosol light absorption was a relatively small fraction of the total aerosol light extinction, 0.13 at Allegheny Mountain and 0.11 in Los Angeles. (The Allegheny Mountain data are also an upper limit which should be lowered by about 40% to approach the true value x 10-~ m-1. This relationship between aerosol b,b J bex t and aerosol total light extinction is shown in Fig. 2 for both sites. (Daily average Los Angeles data are used in order to minimize the impact of the difference in the diurnal patterns for primary and secondary pollutants in near-to-source regions.) A closer look at the available data indicates that this relationship in Fig. 2 is due to the relative invariability of aerosol light absorption as compared to aerosol light scattering. This should be expected since aerosol light absorption is controlled by EC, a primary pollutant whose concentration is much less subject to variabilities in light intensity, temperature, winds, etc., than are the major light scattering components, aerosol SO~-and secondary organic aerosols.
CONCLUSIONS
Photoacoustic spectroscopy has been used to measure aerosol light absorption in Los Angeles during the summer of 1987. This approach has the advantage over other techniques of being able to directly measure light absorption using a reliable calibration method, and the validity of this approach has been demonstrated (Adams et al., 1989 (Adams et al., , 1990 .
Aerosol light absorption and aerosol light scattering in Los Angeles, determined over 10 sampling days during the summer of 1987, show distinct and different diurnal patterns. Light absorption tends to peak in the early morning and maintain high levels throughout the day, and then sharply decrease in the early evening to minimum levels throughout the night. A second peak is possible in the late afternoon. Light scattering tends to peak in the late morning, decrease slowly throughout the rest of the day to minimum values around midnight.
The urban and rural data show that the contribution of aerosol light absorption to the total aerosol light extinction increases in importance during relatively clean periods. This occurs because aerosol light absorption is due almost entirely to the primary pollutant EC which does not change much on a daily basis. On the other hand, aerosol light scattering, the dominant contributor to total light extinction, is caused principally by inorganic and organic aerosols which are formed photochemically, such that the magnitude of aerosol light scattering is much more dependent on meteorological conditions.
